sphincter injuries include high birthweight, operative vaginal delivery, and prolonged second stage of labor. 4, 5 Furthermore, risk factors such as episiotomy, epidural analgesia, induction of labor, and advanced maternal age have also been associated with obstetric anal sphincter injuries, but not consistently. 6, 7 Several population-based studies have reported a gradual increase in obstetric anal sphincter injuries in the last decades with an incidence ranging from 4.1% to 16.0%. [7] [8] [9] The exact reason for this increase remains unclear. Changes in demographic risk factors such as the rise in maternal age, higher fetal birthweight, improvement of diagnostic attention, and better documentation through national birth registries explain only part of the substantial increase in obstetric anal sphincter injuries. 8 Interestingly, in some countries, the use of forceps at delivery, although one of the major risk factors, has risen in the past years and may have contributed to this trend. 8, 10 Using the population-based database from the Austrian national birth registry, the aim of this study was to analyze risk and protective factors for obstetric anal sphincter injuries in first births in Austria and to describe time trends about the incidence of these injuries and associated risk factors in a country with a long-standing tradition of restricted use of forceps at delivery.
| METHODS
We performed a nationwide study using data from the national birth registry of Austria, a database containing obstetrical data from all 82 (public and private) obstetric departments in Austria. Data are retrieved by the Austrian birth registry quarterly to constantly control and ensure adequate data quality.
In the database, we identified all primiparous women over a period of 7 years (January 2008 until December 2014) who underwent vaginal delivery of a live, term (≥37.0 weeks), singleton infant with cephalic presentation. Exclusion criteria included noncephalic presentation, multiple pregnancies, preterm delivery, multiparity, and planned cesarean delivery.
To examine a possible association between age and the frequency of obstetric anal sphincter injuries, 4 age groups were classified: 19 or below, 20-30, 31-40, and >40 years. The dependent variable, obstetric anal sphincter injury, was classified as third degree and fourth degree lacerations according to Sultan.
1 Independent variables included year of delivery (2008, 2009, 2010, 2011, 2012, 2013, 2014) , maternal age in years (19 and younger, 20-30, 31-40, 40 or older), birthweight in grams (<3000, 3000-4000, >4000), mode of delivery (spontaneous delivery without episiotomy, spontaneous delivery with episiotomy, forceps delivery without episiotomy, forceps delivery with episiotomy, vacuum-assisted delivery without episiotomy, vacuum-assisted delivery with episiotomy), body mass index (BMI; <30 kg/m 2 , >30 kg/ m 2 ), epidural anesthesia (yes or no), birth position/type (recumbent on bed, squatting, water birth). The study was approved by the institutional review board of the Medical University of Vienna (IRB number: 2082/2015). As this study comprises retrospectively collected and analyzed data, the institutional review board approved the waiver of informed consent.
| RESULTS
Data included 222 494 primiparous women who had a term, singleton, cephalic delivery. Among these, 13 864 (6.2%) had a planned cesarean section, 40 366 (18.1%) had a cesarean section after onset of labor, and for 127 (0.06%) the birth mode was not stated. This left a total of 168 137 (75.6%) women with a successful vaginal delivery, who were included in the analysis.
The overall obstetric anal sphincter injury rate was 2.6%. The mean birthweight was 3350 g, the mean age was 28 years, and the mean gestational age (weeks) was 39.4. A total of 6.1% women presented with a BMI ≥ 30. Blood loss >1000 mL occurred more often in patients with obstetric anal sphincter injuries (5.8% vs 2.7%, P < .001). The overall rate of operative vaginal delivery was 16.0%, 15.7% were vacuum-assisted deliveries, and 0.3% forceps deliveries. In total, 30.3% women received a mediolateral episiotomy during delivery. Mediolateral episiotomy was performed in 22.4% of spontaneous vaginal deliveries, in 71.9% of vacuum-assisted deliveries, and in 91.5% of forceps deliveries. The episiotomy rate was 30.0% when birthweight was <4000 g and 39.7% when birthweight was >4000 g. There were no cases of midline episiotomy reported.
Between 2008 and 2014, there was an increase in the rate of cesarean delivery performed after onset of labor (17.1% vs 19.4%), vacuum-assisted delivery (12.1% vs 12.8%), and obstetric anal sphincter injury (2.1% vs 3.1%), and a decrease in forceps-assisted delivery (0.4% vs 0.1%) and mediolateral episiotomy (35.9% vs 26.4%; Figure 1 ).
In univariate analysis, women with obstetric anal sphincter injuries were slightly older (28.7 years vs 28.0 years, P < .001) and had higher birthweight (3543 g vs 3344 g, P < .001).
Women giving birth to a child of >4000 g sustained obstetric anal sphincter injuries in 6.1% of deliveries, compared with 2.4% when birthweight was below 4000 g (P < .001). Women who had forceps or vacuum-assisted delivery were much more likely to have obstetric anal sphincter injuries compared with women giving birth spontaneously (9.9%, 5.1%, and 1.1%, P < .001, respectively). Furthermore, women who had a mediolateral episiotomy (3.3% vs 2.4%, P < .001), who had epidural anesthesia (3.2% vs 2.5%, P < .001), or had a BMI <30 (2.8% vs 2.4%, P = .04) were at higher risk for obstetric anal sphincter injuries compared with women without episiotomy, without epidural anesthesia, and with a BMI ≥30, respectively. Water births and squatting position were associated with a lower rate of sphincter injuries compared with giving birth in other positions (2.1%, 2.2%, and 2.7%, P < .001).
With respect to maternal age, the lowest rate of obstetric anal sphincter injuries, namely 1.1%, was seen in women who were 19 years or younger and this rate was significantly lower than in all other age groups (P < .001). Patients between 20 and 30 years, between 31 and 40 years, and older than 40 years were found to have an obstetric anal sphincter injury in 2.5%, 2.8%, and 2.5% of cases, respectively, which did not differ significantly.
In multivariate analysis, epidural analgesia, maternal BMI, and birth position were neither a risk nor a protective factor (Table 1) . Age >19 years, birthweight >4000 g, and forceps or vacuum-assisted delivery, were independently associated with increased risk for obstetric anal sphincter injuries (Table 1) (Table 1) .
In vacuum-assisted deliveries, the number needed to treat to prevent one case of obstetric anal sphincter injury with mediolateral episiotomy was found to be 50. The number needed to harm to produce one case of obstetric anal sphincter injury with mediolateral episiotomy during spontaneous vaginal delivery was found to be 333. If mediolateral episiotomy was performed in women with a child weighing >4000 g, the rate of obstetric anal sphincter injuries was 5.9% compared with 6.0% if no episiotomy was performed; the corresponding number needed to treat in these cases was found to be 1000.
| DISCUSSION
This large population-based study of the national birth registry of Austria outlines risk and protective factors associated with obstetric anal sphincter injuries. The overall incidence of obstetric anal sphincter injuries was 2.6%, which is low compared with other reports. 8, 11 Similar to other European countries, there was an increase in the rate of obstetric anal sphincter injuries in primiparous women, from 2.1% in 2008 to 3.1% in 2014, which is possibly the result of improved awareness, diagnostic recognition, and documentation. 12 In the same time period, the episiotomy rate decreased from 35.9% to 26.4%. As supported by the literature, we found operative vaginal delivery 7, 8, [13] [14] [15] to be an independent risk factor for sphincter damage. In particular, forceps delivery has consistently been shown to represent one of the major risk factors for obstetric anal sphincter injuries. [16] [17] [18] [19] We found that the risk for obstetric anal sphincter injuries is increased by more than sixfold with the use of forceps delivery, with an incidence of 9.9%, and increased by more than twofold with the use of vacuum delivery (incidence 5.1%), respectively. Episiotomy has previously been found to increase the risk for obstetric anal sphincter injuries. 8, 20 However, looking at episiotomy as a single variable is insufficient and therefore we additionally analyzed the use of mediolateral episiotomy according to birth mode. Midline episiotomy has been abandoned in Austria because of the markedly increased risk of obstetric anal sphincter injuries, supported by several lines of evidence. [21] [22] [23] [24] When it comes to mediolateral episiotomy, evidence is inconsistent as mediolateral episiotomy has previously been reported to be a risk, 20 a protective, 25, 26 or an insignificant factor. 7, 27 We found that the use of mediolateral episiotomy increased the risk for obstetric anal sphincter injuries in spontaneous vaginal deliveries (number needed to harm 333), whereas it was protective in vacuum-assisted deliveries. The number needed to treat to prevent one obstetric anal sphincter injury during vacuum-assisted delivery was found to be 50. This finding is supported by previous studies, which reported a decrease in obstetric anal sphincter injuries when episiotomy was used in operative vaginal deliveries. 8, 25, 28, 29 Jangö et al report a number needed to treat of 23 mediolateral episiotomies and Raisänen et al report a number needed to treat of 66 lateral episiotomies to prevent one case of obstetric anal sphincter injury in vacuum-assisted deliveries, thus favoring more frequent use of episiotomy in such cases. 28, 30 In forceps-assisted vaginal delivery, we could not find a protective effect of mediolateral episiotomy. However, this must be interpreted carefully, since the number of patients who had forceps delivery without episiotomy was small (n = 40). Other studies report a negative effect of a combined use of operative vaginal delivery and episiotomy, but solely with midline episiotomy. [31] [32] [33] Kudish et al 32 found a 20-fold risk of anal sphincter injuries if a joint use of forceps and midline episiotomy was performed, and a 14-fold increase in vacuum-assisted delivery with midline episiotomy. Of prime consideration is the fact that in the published literature there is often a lack of description of the methodology of episiotomy, and a lack of proper identification of the incision actually made 34 ; ie, in the practice of labeling an incision as mediolateral episiotomy there is in all probability a wide variation in the actual position and angle of the incision. However, this is of particular importance, since the type of episiotomy in use seems to influence the potentially protective effect. Studies considering the question of whether maternal age is a risk factor for obstetric anal sphincter injuries yielded conflicting results. 14, 35, 36 We found that the rate of obstetric anal sphincter injuries was significantly decreased in women of 19 years or younger, but subsequently remained stable in all age groups. Recent data from Sweden also demonstrated an age-related risk of obstetric anal sphincter injuries starting at 25 years of age. 37 Another population-based study from the United States found a decreased risk of obstetric anal sphincter injuries in women 15-19 years of age compared with women aged 20-24 years. 36 Our results likewise suggest a decreased risk of obstetric anal sphincter injuries only in very young women. The exact physiological effect of aging on the connective and muscular tissues in the perineal region is poorly researched. If these age-related effects have an influence on lacerations during birth, then this risk seems to arise already at a relatively early age. In line with most other reports, we found that high birthweight is a significant risk factor. 7, 8, [13] [14] [15] Nevertheless, although the risk of obstetric anal sphincter injuries was 5 times higher when birthweight was >4000 g, the use of mediolateral episiotomy did not markedly reduce the risk, with a number needed to treat of 1000.
To be noted, in our study, epidural analgesia was neither protective nor a risk factor. This is supported by LoewenbergWeisband et al 38 who also found that epidural analgesia is not associated with severe perineal lacerations, once confounding factors were controlled for. Other studies found a protective effect of epidural analgesia and therefore suggest epidural should not be considered an independent risk factor. 28, 30 We further found that maternal BMI was an insignificant factor in the multivariate analysis. This is in accordance with recently published United Kingdom data, which report that higher BMI is protective for minor perineal trauma, but not for obstetric anal sphincter injuries. 39 Other studies, however, suggest that higher BMI is protective for obstetric anal sphincter injuries.
13,40
Birth position did not influence the rate of obstetric anal sphincter injuries in our study. A Swedish study identified the lithotomy position to involve an increased risk of obstetric anal sphincter injuries, whilst a lateral position was protective. 41 We were not able to identify a certain birth position to be a risk factor. However, it has to be noted that the lithotomy position is not a common position in Austria and that almost 90% in our cohort gave birth in a supine position, while in Sweden, the sitting position is the most common position to give birth. Our study has several strengths including the populationbased design, resulting in a large sample size, and the prospective collection of data through the national birth registry. Limitations are the lack of data regarding other possible risk factors, including shoulder dystocia, gestational diabetes, duration of second-stage labor, or information about perineal laceration protection techniques, or the experience of birth attendants, precluding further evaluation. Another limitation is that the majority of the study population is Caucasian and the percentage of obese patients was relatively low. This is representative for European countries, but may not be generalizable to other regions in the world.
In conclusion, we found that maternal age >19 years, birthweight >4000 g, and operative vaginal delivery are independent risk factors for obstetric anal sphincter injuries. Obstetricians should be aware that episiotomy may be a risk or protective factor depending on the type of episiotomy and the clinical setting in which it is used. Our study supports a restrictive use of mediolateral episiotomy in spontaneous vaginal deliveries. In vacuum deliveries, | MARSCHALEK Et AL. mediolateral episiotomy may help prevent obstetric anal sphincter injuries.
